We have performed an experiment to search for the bound state of η meson in nuclei. We have measured the reaction p + 27 Al → 3 He + p + π − + X at recoil-free kinematics. An η meson possibly produced in this reaction would be thus almost at rest in the laboratory system and could therefore be bound with high probability, if bound nuclear η states exist. The decay of such a state through the N * (1535) resonance would lead to a proton-π − pair emitted in opposite directions. For these conditions we find some indication of such a bound state. An upper limit of ≈ 0.5 nb for the formation cross section is found.
Introduction
Experimental search of bound systems of different mesons have received wide attention in recent years.
1 Study of deeply bound systems of pions have been successfully utilized to extract the information about the pion-nucleon interaction. Very recently, some experimental evidence of bound antikaon -nuclear states has been claimed. 2 However, till now, there has not been any observation of bound nuclear systems of psuedoscalar neutral meson. In this context, substantial experimental and theoretical efforts in recent times have been devoted to the studies of formation of η-nucleus quasibound systems, [3] [4] [5] [6] the so-called the η-mesic nucleus. Although, the existence of η-mesic nucleus was predicted theoretically almost two decades ago, 
Experiment
The present experimental search for η-bound states employs the transfer reaction
at the recoil-free conditions. The signature for the η-bound formation in this experiment is a peak in the missing mass spectrum of residual nuclear system at the excitation energies corresponding to the production of negative energy η's in twobody kinematics. The 3 He spectrum is expected to be dominated by particles being emitted during the nuclear cascade process. In order to reduce this background a coincidence was required among 3 He and events produced through a second step η + n → π − + p. Because the overall ηn system (or N * ) is almost at rest, energy and momentum conservation require the two charged particles to be emitted backto-back to each other with energies of ≈100 MeV for the proton and ≈350 MeV for the pion. A large acceptance plastic scintillator detector ENSTAR 12 has been constructed for measurement of these particles. ENSTAR detector consists of three layer of scintillator pieces arranged in cylindrical geometry around the target over grees with the magnetic spectrograph Big Karl by ray tracing in the focal plane with two packs of multi-wire chambers. This was followed by two hodoscope layers, separated by 4 m for an additional time-of-flight measurement along with energy losses. Two momenta settings of spectrometer at 859 MeV/c and 897 MeV/c were used to measure 3 He particles, which cover ∼ 80 MeV range each in the missing mass spectrum. Prior to the experiment, the calibration was made for the detector ENSTAR as described in Ref.
12 . In Fig. 2 the energy loss in the first hodoscope layer of spectrometer focal plane is shown as a function of the time-of-flight between two such layers. Different particle groups can be clearly identified. The coincidence required between the focal plane detectors and the ENSTAR detector was achieved by measuring the time between the first hodoscope layer and one of the individual ENSTAR elements. A peak-to-background ratio of 3.2:1 was obtained and the background was subtracted.
Data Analysis and Results
The 3 He particles were selected by applying cuts on energy loss and time of flight spectra as shown in the Fig. 2 . The missing mass of the residual reaction products in p+ 27 Al → 3 He+ X reaction thus obtained is a uniform distribution dominated by the background events. To suppress the background and select signal corresponding to events from the η + n → π − + p process, cuts from ENSTAR detector were used.
With such selections we obtain the missing-mass spectra for the two spectrograph settings shown in Fig. 3 . The counts have been corrected for the acceptances of the spectrograph for the two settings. Finally, we have added the yields at two settings according to luminosities and the resulting spectra is shown in the right part of Fig. 3 . The data show an enhancement around BE ≈ −13 MeV. A fit to the data 
Here L 0 and L max are the values of the likelihood function with the corresponding signal fixed to zero and at the best fit value, respectively. We obtain a value of 6.2 σ for the significance value for the observed signal. We, therefore consider the present experimental results to provide a strong hint of a nuclear η bound state. The fit also allows us to give an upper bound for the cross section. With an estimated efficiency due to detector geometry and analysis selections of 0.70 ± 0.07, we find cross section σ = 0.152 ± 0.054 (stat) ± 0.021 (syst) nb. If this "structure" corresponds to a bound η decaying via reaction η + n → π − + p, the cross section would be 0.46 ± 0.16 (stat) ± 0.06 (syst) nb, assuming an isospin branching ratio of 1/3.
Summary
In summary, we have measured the reaction p + 27 Al → 3 He + π − + p + X. The 3 He ions, which were detected at zero degrees with a magnetic spectrograph, carried the beam momentum (recoilless kinematics). The π − + p system, measured with the ENSTAR detector, decays almost back-to-back with energies corresponding to an N * (1535) at rest. In two spectra, taken at different spectrograph settings, an enhancement was found for negative binding energies close to the free production threshold. This is exactly what is expected from the bound ηN system. Binding energy spectra without strong N * constraint do not show the enhancement. An upper bound of ∼0.46 nb for the formation cross section of the η-nucleus bound state has been estimated.
